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INTRODUCTION
F ungal keratitis is a common corneal infection, which can lead to blindness, in developing countries and tropical regions [1] [2] [3] . Although medical treatment is the preferred strategy for fungal keratitis, about 31% of fungal keratitis would be unresponsive to antifungal agents [4] . Many fungal corneal infections may even get more severe in the process of drug application, and finally have to require corneal transplantation [5] . Even though fungal keratitis could be controlled by the medical treatment in some cases, the healing time is always longer than 1mo [5] [6] [7] . Surgical debridement is usually used for the treatment of corneal infection to enhance penetration of topically applied therapeutic agents and healing of corneal ulcers by removing the superficial necrotic tissues [8] [9] [10] [11] [12] [13] . However, conventionally only the superficial epithelium and floating necrotic tissue were scraped, which could not completely reduce the microorganism load in the stroma. The necrotic tissues would recover the surface of the lesion in the next day or next few days after debridement. Thus repeated debridement is considered to be advantageous [11] [12] . But there has been no evidence that debridement helps in early resolution. It is also believed that debridement may cause stromal penetration of the organism and increase the risk of secondary infection, although there are no reports of stromal keratitis following debridement of lesions. A prospective randomized clinical trial showed that debridement did not have any significant advantage in terms of resolution of the corneal lesions and final visual outcome in cases of microsporidial keratoconjunctivitis [14] . Another multicenter, double-masked, clinical study on fungal keratitis even demonstrated that ulcer debridement may be associated with worse outcomes [15] . In this report, we modified the ulcer debridement technique by removing all the visible corneal infiltration under an operating microscope to achieve a clean stromal bed and smooth incised edges. The technique can obtain specimens for diagnosis, eradicate the microorganism, facilitate drug penetration, reduce antigen load, and remove the necrotic stroma. The present study was designed to evaluate its efficacy in the treatment of superficial fungal corneal infection.
SUBJECTS AND METHODS
Patients The retrospective, noncomparative study was approved by the Institutional Review Board of Shandong Eye Institute and conformed to the guidelines of the Declaration of Helsinki. Medical records of patients with fungal keratitis treated by modified surgical debridement at Shandong Eye Institute between January 2010 and December 2014 were reviewed retrospectively. All patients with a corneal ulcer presenting to our hospital had corneal scrapings for gram stain and potassium hydroxide wet mount, and had cultures plated on Sabouraud dextrose agar, chocolate agar, and brain heart infusion broth. Confocal microscopy was also performed to identify the diagnosis. The inclusion criteria were as follows: 1) fungal pathogens were found by direct microscopy with 10% potassium hydroxide mounts, confocal microscopy or the fungal cultures ( Figure 1) ; 2) the depth of the ulcer was no more than 50% of corneal thickness examined by slit lamp or RTVue optical coherence tomography (OCT); 3) no signs of clinical improvement were shown after 2wk of topical antifungal agents. Patients who had mixed infection were excluded from the study. A total of 209 patients (209 eyes) were included, including 139 men and 70 women. The mean age was 51.7±12.1y. Not less than 90% of the patients were farm workers. The mean disease course was 16.9±12.8d (3-60d) . Seventy-nine eyes (37.8%) had ever received anti-fungal agents before referred to our hospital, and the others had ever received antibiotic and/or antiviral medications. Among them, 4 patients apparently had been given steroids. According to the lesion diameter, ulcers were categorized into 3 groups: <3 mm (62 patients), 3-5 mm (119 patients), and >5 mm (28 patients). The ulcers were located at the central cornea in 34 eyes. Fifteen eyes had hypopyon. Hyphae were found in 202 of 209 patients (96.7%) by direct microscopy with 10% potassium hydroxide mounts and in 120 of 123 patients (97.6%) by confocal microscopy.
Preoperative Treatment All patients were administered with 5% natamycin and 0.5% fluconazole eye drops per hour, 0.5% levofloxacin eye drops four times a day, and 0.3% ofloxacin ointment before bedtime. The interval between using each kind of eye drops was 15min. Itraconazole was taken orally 200 mg per day in patients with normal hepatic and renal functions. Operative Procedures If the corneal infiltration was stationary or worsened with at least 2wk of topical antifungal treatment, it was considered to have poor response to medical treatment. With caution of avoiding corneal perforation, only patients with corneal infiltration of no more than 50% corneal thickness had the modified surgical debridement. All surgical debridement in our study were performed under topical anesthesia with proparacaine hydrochloride. The loose epithelium and necrotic tissue was removed using a sclerotome blade (Performance, USA), and the infection edge was bounded. Then a wedgy cut was made with a crescent knife (Sharpoint, USA) at the clear cornea, 0.5 mm outside the margin of keratitis. The desired cutting depth was determined by the depth of corneal infiltration. The upper lip of the tissue to be excised was grasped firmly and stretched with tooted forceps. Lamellar keratectomy was performed with the crescent knife with side-to-side movement. To prevent penetrating into the anterior chamber, the dissector was directed parallel to the bed of stromal lamella and along the stromal fibers. In this step, stromal was kept dry by a sterile cotton swab to obtain a clear view. The entire specimen was then removed for microbial culture and histopathology. If the corneal bed was not clean enough, a repeated dissection at a deeper level was performed until a smooth and clean stromal bed was obtained, and all visible corneal infiltration was removed under the operating microscope. Finally, the blunt and smooth incised edges were trimmed using scissors, which would benefit the ingrowth of the new epithelium. Intraoperatively, 0.02% fluconazole was used to irrigate conjunctival sac and ulcer surface ( Figure 2 ). Postoperative Treatment Antifungal agents were administrated immediately after surgery. The ulcer was considered healed if the epithelium defect presented with no staining on fluorescein application and no progression of the stromal infiltration. If the ulcer decreased in size but did not fully heal and required further treatment, it was considered to have delayed healing. Confocal microscopy was performed if corneal ulcers delayed healing for more than 2wk. If any fungus was found by confocal microscopy, another surgical debridement would be performed. Bandage piece or amniotic membrane transplantation was performed to stimulate ulcer healing when no residual fungal pathogens were found by confocal microscopy. If the ulcer became more severe, the size remained the same or increased, or the depth of infiltrates progressed more than 1/2 cornea, lamellar keratoplasty (LK) or penetrating keratoplasty (PK) was performed. Data Analyses SPSS software v.16.0 was used for statistical analysis. Measured data, such as refractive astigmatism and corneal thickness, were expressed as mean±standard deviation (SD). Independent sample t-tests were used for quantitative variables of postoperative refractive astigmatism and corneal thickness, and the Chi-square test was used for qualitative variables, including the visual acuity. Risk factors for treatment failure were analyzed using the multinomial logistic regression. A value of P<0.05 was considered statistically significant. The blunt and smooth incised edges were trimmed using scissors. 
RESULTS

Corneal Ulcer Healing
Risk Factor Analysis for Treatment Failure Among the 14
eyes failed healing, ulcer size of 10 eyes larger than 5 mm; 6 patients had hypopyon preoperatively; 2 eyes had ever used sterioids. The pathogen of 9 eyes were identified as Fusarium, 3 eyes were Alternaria, 1 eye was Aspergillus and 1 eye was negative ( Table 1 ).
The possible risk factors for treatment failure were measured by the multinomial logistic regression analysis. The results demonstrated that treatment failure were correlated with preoperative hypopyon (P=0.036) and ever using steroid (P=0.025), but not with the ulcer size preoperatively (P=0.221) ( Table 2) .
DISCUSSION
Management of fungal keratitis requires timely diagnosis of the infection and administration of appropriate antifungal therapy. Antifungal agents are still major therapeutic options for fungal keratitis, especially in its early stage. However, the response of fungi to antifungal agents is not as satisfactory as the response of bacterial infections to antibiotics because of inadequate corneal penetration, slow response to therapy, and few species of antifungal agents [16] [17] . Natamycin, alone or in combination with other oral or topical agents, was the most common antifungal medication used in our series, not only because it is the only Food and Drug Administration (FDA) approved topical agent for the treatment of fungal keratitis but 
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Int J Ophthalmol, Vol. 11, No. 2, Feb.18, 2018 www.ijo.cn Tel:8629-82245172 8629-82210956 Email:ijopress@163.com also because of its reported efficacy against Fusarium and other filamentous fungi [18] . Natamycin has been reported to achieve treatment success in 45.2% of patients, slow healing in 23.5%, and no effect in 31.3% [4] . Voriconazole has also been shown to have a broad spectrum, with minimal inhibitory concentration (MIC) being the lowest amongst all antifungal agents and in vitro susceptibility of 100% against a variety of fungal pathogens, which has been deemed to be most promising in the treatment of fungal keratitis [19] . But topical voriconazole must be prepared from the unpreserved intravenous solution. This preparation is not available widely, and its stability is unknown. FDA approval is not required for this off-label use of medication. In our series, voriconazole had not been used as the initial antifungal agent because it was not commercially available, expensive and require frequent renewal. It was reported that 5% natamycin and 1% voriconazole were efficacious agents in the primary treatment of fungal keratitis, but the mean ulcer healing time was as long as 24.3 and 27.2d, respectively [20] . Many studies showed an even longer treatment period of 1 to 2mo [5] [6] [7] . Intrastromal injection as a therapy has been reported in many previous studies, which was showed no observed adverse effect and could become an adjunction for the treatment of fungal keratitis [6, [21] [22] [23] .
Whereas, the intrastromal injections were acquired 72h apart, and if it was used alone, the efficiency was limited [24] . More and more studies showed that intrastromal injections did not offer any beneficial effect over topical therapy [24] [25] [26] . Sharma et al [24] found that the mean duration for healing in topical voriconazole group was 28.9±19.1d, whereas the mean duration for healing in the topical combined with intrastromal voriconazole group was 36.1±20.2d. Another case series study showed that the mean resolution time was 39.75±7.62d with topical and systemic antifungal agents combined with intrastromal voriconazole injection [6] . There is also big lack of specific and effective fungicidal drugs. All available antifungal drugs are very slow acting and prevent the growth of fungus only, without killing it [27] . So antifungal agents are not so satisfactory for the treatment of fungal keratitis. In the present study, a modified surgical debridement was performed when the corneal infection was stationary or worsened after at least 2wk of antifungal agent administration, which was able to rapidly control the fungal infection, shorten the treatment course, and obtain the ulcer healing. Fungal corneal ulcers are usually covered with thick and hard necrotic tissues, with uneven surface and rough edge. Sometimes the necrotic tissues uplift as an island, and the epithelium stops around the island and cannot move on. In the modified surgical debridement procedure, in addition to scrape off the degenerate epithelium and superficial necrotic tissues, it is important to eliminate all the deep infiltrating tissues visible by operating microscope. Meanwhile, smooth stroma bed and blunt edges are also very necessary for increased reepithelialization. On one hand, the fungal and antigen load of the cornea should be largely decreased by cutting the infectious corneal lamellae, which is good for the penetration of antifungal drugs to enhance the antifungal effect on residual microorganisms and decreasing the inflammatory reaction.
On the other hand, the smooth level of the wound can benefit the ingrowth of corneal epithelium. Moreover, corneal scars after surgery can be obviously reduced with removal of the infection.
Modified surgical debridement played a major role in the successful treatment of fungal keratitis in our series. A proportion of 93.3% of the corneal ulcers were healed after the debridement. The corneal epithelium was observed centripetally contracted from the ulcer margin on the first postoperative day. Approximately 58.9% of the ulcers completely healed within 7d after surgery. The mean healing time was 8.4d, indicating that the disease course and antifungal drug application time were largely shortened. After the epithelium healed, mild edema and infiltration remained in the stroma. Therefore, antifungal agents should be used continuously to reduce corneal infiltration and prevent recurrence.
The most serious complication of extensive surgical debridement is corneal perforation, and the most important long-term complication is secondary keratoconus. By selecting this procedure only for patients with corneal infiltration involving no more than 50% corneal thickness and limiting the depth of keratectomy to one half of corneal thickness, the risk can be minimized. In our series, no corneal perforation occurred, and the postoperative corneal thickness in all eyes was in a safe range. During the follow-up, no biomechanical changes and corneal ectasis were found in these corneas. Moreover, no fungal recurrence or other complication was found in our study. RTVue-OCT showed a stable cornea after the operation with smooth epithelium, mild subepithelial scar, and thinning stroma during the follow-up. Postoperative astigmatism increased because of changes in corneal anterior surface curvature and corneal scars. But the refractive astigmatism was stable in the long-term follow-up. The best corrected postoperative visual acuity was 20/70 or better in 80.3% eyes, 20/40 or better in 56.9% eyes, and 20/25 or better in 27.3% eyes, which was significantly improved by the modified surgical debridement. In our study, the ulcer healing was delayed in 23 eyes after the first modified surgical debridement procedure. In these eyes, whether fungal residual was revealed by confocal microscopy was important for the further treatment. In eyes with obvious infiltration in the cornea and large number of fungal pathogens were observed in the stromal bed, it would be impossible to eradicate the microorganism with the antifungal regimen. If the infiltrating depth was no more than 1/2 cornea, a second surgical debridement would be applied; if the infiltrating depth was more than 1/2 corneal thickness, corneal transplantation should be performed to control the serious infection; conjunctival flap covering surgery can certainly be chosen for the peripheral ulcers. When the eyes had mild infiltration and no or fractured hypha in the residual stroma as observed by confocal microscopy, antifungal agents proved effective. Thus bandage piece or amniotic membrane transplantation may be helpful for ulcer healing. For eyes with an intact epithelium, obviously reduced infiltration, and no fungus found by confocal microscopy, antifungal agents could be tapered off. In our study, the possible risk factors for treatment failure were also measured by the multinomial logistic regression. Patients with hypopyon or ever using steroid are more liable to experience treatment failure, and the risk rates are 6.32 and 5.26 higher than patients without hypopyon and never using steroid. A clinical study focusing on factors influencing healing of fungal keratitis found that hypopyon, ulcer size were risk factors of treatment failure and delayed healing [27] . Another study in our institute demonstrated that hypopyon, corneal perforation, corneal infection expanding to limbus and lens infection were major risk factors for recurrence of fungal keratitis after transplantation [28] . The limitation of the study is that it's a retrospective, non-controlled study, so there were no panel data of the mean healing time using other treatment modalities. But comparing with antifungal agents from literatures of other studies, the modified surgical debridement is recommended for treating patients with fungal keratitis that is unresponsive to antifungal agents and who have corneal infiltration that is no deeper than 50% of corneal thickness. The simple procedure can largely shorten the ulcer healing time and reduce the disease course, with improvement in visual acuity and no recurrence of fungal infection.
